Abstract.-The impaired ability of neonatal rat kidney cortex slices to take up L-cystine at a time when the ability to accumulate cysteine is similar to that of adult tissues indicates the separate nature of the transport processes for these amino acids. Dissimilarities in dependence on oxygen and temperature are also indicative of different transport systems. The intracellular form of the amino acid was largely cysteine when either cystine or cysteine was the transported substrate although significant amounts of both were incorporated into reduced glutathione. No difference in intracellular forms was found between neonatal and adult tissue.
Interest in cystine-cysteine interrelationships has been stimulated by two human inherited disorders: cystinosis,I where there is cystine storage in various tissues, and cystinuria,2 where there is a renal loss of large quantities of L-cystine as well as ilysine, L-arginine, and L-ornithine into the urine. Although the oxidized amino acid is stored in cystinosis and lost, in cystinuria, normally the intracellular form appears to be essentially all in the reduced form, cysteine.
The attention of this laboratory has primarily been focused on the complex situation that exists in the renal tubule cell of both normal and cystinuric humans as well as normal animals. [3] [4] [5] [6] In this regard, an outstanding question has been whether there are separate transport mechanisms for cystine and cysteine in renal tubule cells. We have previously attempted to delineate differences in transport parameters for these two amino acids in adult rat kidney cortex slices, and although the results of these studies were indicative of separate systems, they were not conclusive. 6 Seeking a parameter associated with transport phenomena that would clearly distinguish between cystine and cysteine uptake mechanisms, we have examined the transport capabilities of kidney cortex from newborn rats for these compounds. This report demonstrates a distinction of the sulfur amino acid uptake mechanisms based on differences related to developmental patterns.
The intracellular forms of the accumulated sulfur amino acids have also been determined in renal cortical cells from newborn and found to be similar to that of adult tissue. Materials Incubation conditions: The cystine-S35 was made as a 2-mM solution in dilute NaOH containing about 45 ,uCi/ml. Solutions were made each week since analysis of these solu-tions revealed oxidation to cysteic acid to occur with time. (Less than 1% oxidation occurred within the first week.) Ten jsl of this solution plus unlabeled cystine was added per flask to give a final concentration of 0.07 mM. Dithiothreitol at a concentration of 2 mM was used routinely in the incubations to convert cystine-S86 to cysteine-S85 for the study of cysteine transport.' 8 When cystine was converted to cysteine by dithiothreitol, one half the amount of cystine was added to keep the final concentrations of cystine and cysteine equivalent. As found previously in adult tissue,8 dithiothreitol did not alter the normal uptake of iLlysine, Y~valine, or alpha-aminoisobutyric acid by kidney of newborn animals. The uptake of cysteine-S85 maintained in the reduced state by the addition of 25 mg of thiolated Sephadex9 to each flask instead of DTT was the same as that observed with DTT as the reducing agent. Since the large particles of Sephadex are solely outside the tissue, the equivalent results with DTT indicated that intracellular DTT does not itself alter the cellular transport mechanisms for the sulfur amino acids.
As described previously, incubations were carried out in 30-ml plastic bottles in 2 ml of Krebs-Ringer bicarbonate buffer (KRB) pH 7.35 at 370 unless otherwise stated.'0 Conditions for anaerobiosis'0 sodium depletion" have also been reported previously. Preparation of tissues: Adult kidneys were obtained from male Sprague-Dawley rats weighing 140-160 gm kept on water and Purina Chow ad libitum. Cortical slices were prepared with a Stadie Riggs microtome. Cortical slices could not be made with a microtome from kidneys obtained from rats up to 15 days of age. The best procedure for obtaining slices from newborn and other young kidney cortex was found to be the taking of cortical slices directly from the surface of the kidney freehand with a fine two-edged razor blade. These small slices from newborn kidneys weighing slightly over 1 mg were examined microscopically after fixation, paraffin imbedding, and hematoxylin and eosin staining of thin sections and found to be entirely cortical tissue of immature nature.
The small slices were made from the kidneys of an entire litter without sex distinction (usually three slices from each newborn kidney) and pooled. Three slices were taken at random from the pool and placed together in an incubation flask. In each experiment three such flasks were incubated for determination of each data point. Adult tissues were also incubated in triplicate, each flask containing a segment of a slice from each of three animals.
At the outset it was necessary to determine the proper adult cortical slice preparation with which to compare the surface segments made from newborn kidneys. Transport of several amino acids by small surface segments of cortex from adult rat kidneys was compared with that of microtome slices from the same kidney. In initial experiments the small surface segments from adult tissue which weighed less than 1 mg each were found to have much higher uptake of amino acids than slices and abnormally high extracellular fluid (ECF) compartments. This led us to examine the effects of the size of slices or segments on amino acid accumulation and ECF measurements. These results reported elsewhere established that segments of adult tissue weighing 1 mg or greater behaved as intact microtome slices with regard to establishment of concentration gradients and ECF compartment size.12 Similar studies were carried out on newborn cortex, comparing small segments of tissue weighing 1 mg with larger segments weighing 6-7 mg prepared by "shelling" the cortex away from the medulla with a razor blade freehand. Identical accumulations of amino acids and the same ECF were found in both these newborn preparations. It thus appeared reasonable to assume that the 1-mg segments from young kidneys gave results representative of cortical transport for that age animal which could be related to that of adult microtome-prepared slices or segments of such slices weighing more than 1 mg each. Usually, the weight of the three segments from young animals in each incubation flask was from 3 to 6 mg, while segments of adult slices totaled 10-20 mg per flask.
Assay of tissue radioactivity: The technique for study of intracellular accumulation of isotopically labeled amino acids was essentially that described by Rosenberg Efflux of SI' from tissues: Effiux of SI-' from tissues was studied after preloading the slices by incubation with S'5-cystine and S35-cysteine. The slices incubated with cystine were then transferred to new KRB buffer while those preloaded with cysteine were placed in KRB with 2 mM DTT to keep the sulfhydryl reduced. 535 was assayed in the new media at 3-mmn intervals as described in detail previously by Segal and Crawhall.6 Result.-Variation of cystine-S35 and cy-steine-S15 uptake by kidney cortex with animal age: The uptake of cystine-S35 by renal cortex varied considerably with age of the animal. Figure lA reveals electrophoresis for the separation of cystine and the cysteine-NEM adduct in adult renal cortex, Crawhall and Segal4 reported most of the SI' in the cells after cystine was transported to be in the form of cysteine. This has been examined again to determine if the intracellular forms after both cystine and cysteine transport differ in the young kidney (5-day-old) from the adult and thus could explain the variation of uptake with age. known. The radioactivity designated in the "other" column does not represent discrete peak areas on the chromatograms, but is a summation of all the counts lying between the cystine, cysteine-NEM, and glutathione-NEM areas.
The intracellular nature of the S'5 was also probed after incubation of slices with 0.25 and 0.5 mM cystine-S'5 in order to determine if the slow cystine uptake in young tissues may be due to diminished intracellular reduction or conversion.
These data are shown in Table 1 . Only at 0.5 mM cystine was there a slight impairment of reduction as evidenced by 10 per cent intracellular SI5 as cystine, thus indicating that at 0.07 mM, the concentration routinely employed, reduction is not a limiting process.
Efflux of SI': The intracellular radioactivity in the system studied here is dependent not only on influx rate, but also on efflux rates. Thus, an impaired ability to accumulate S35 compounds by newborn renal cortex incubated with cystine could be due to impaired influx, accelerated efflux, or both. The slow uptake early in the incubation suggested that the influx mechanism was deficient. This was borne out by performance of S35 efflux studies as described previously.6 Both five-day-old and adult cortex were incubated for 60 minutes with cystine-S35 at substrate levels such that the intracellular S35 was the same. The tissues were then transferred to buffer and the S55 in the medium assayed at 3-minute intervals for 18 minutes. The efflux rate constant for the S35 did not differ for the two tissues.
On the other hand, while cystine influx seems impaired in the young tissue, cysteine-S'5 accumulation is higher in young tissue. From the curves of Figure  1B , it appears that cysteine-S'5 influx may be accelerated and account for the finding of elevation of the steady-state intracellular S55. The efflux of S35 into KRB containing DTT was found to be the same in newborn and adult tissue, thereby indicating that an increase in influx rate underlies the increased cysteine uptake in the newborn.
Effects of anaerobiosis and sodium deprivation on uptake of cystine and cysteine by cortex from five-day-old animals: Figure 2 shows the effects of anaerobiosis and sodium deprivation on sulfur amino acid uptake. In contrast to the profound inhibition of uptake of these amino acids due to lack of oxygen in the adult kidney cortex,6 there is no impairment of the already slow uptake of cystine in mosphere of 95% N2-5% CO2; 1.0 triangles indicate that sodiumfree buffer in Na+ was replaced by Tris. Each point is an average of three to six determinations. TIME (MINUTES) young tissue and only moderate impairment of cysteine uptake. As in the adult,' sodium deprivation markedly inhibits uptake of both amino-acids. Table 2 shows the nature of the intracellular SI' when cysteine is transported under anaerobic incubation conditions. With oxygen lack, there is almost complete cessation of the radioactivity being incorporated into glutathione.
Effect of temperature: The uptake of cystine-S35 and cysteine-S35 was studied in five-day-old tissues at 200. The results are shown in Figure 3 . The slow uptake of cystine was markedly impaired at the reduced temperature. Cysteine uptake was essentially unaffected by the low temperature. These results are quantitatively similar to those seen in adult tissue.6 Analysis of intracellular SI' after cysteine uptake at 200 revealed a diminished incorporation of the label into glutathione (Table 2) .
Discussion.-The previous comparison of the parameters of cystine and cysteine uptake by adult rat kidney cortex slices indicated that separate mech- 63, 1969 anisms existed for mediating the movement of these amino acids into cells. The present data, showing that cystine entry in the newborn cortex is impaired while that of cysteine is not, clearly demonstrate the individual nature of the uptake process for these substances. The situation in the newborn cortex is analogous to that observed in the intestinal mucosa of human cystinuric subjects where there is a defect in cystine, but not in cysteine, transport.'5
The transport processes for each of the sulfur amino acids in the newborn have characteristics similar to those observed in the adult. Sodium dependence and the responses to decrease in temperature are the same. The uptake by young tissues is not as dependent on aerobic conditions, which probably reflects the general property of resistance to anoxia in young tissues.
The slow uptake of cystine by newborn cortex does not appear to be related to the intracellular reductive fates of the amino acid. The patterns of intracellular metabolites in newborn and adult cortex are essentially the same. Moreover, we have demonstrated that at the substrate concentration employed in our experiments, 0.07 mM, there is no limitation of the reductive processes. How the reduction of cystine is related to the transport of the amino acid is not entirely understood. Preliminary data in this laboratory indicate that in the intestinal mucosa, which behaves like the kidney cortex in having reduced cystine in intracellular fluid, the reductive process is not located in the brush border but is a process taking place in the soluble cell contents. '6 The present data therefore indicate that the cystine transport mechanism itself undergoes a maturation with age while that for cysteine is mature at birth. Ultramicroscopic studies have shown that the microvillae of the kidney tubule cell of the rat are not totally formed at birth but subsequently take on an adult appearance. '7 It seems that the uptake process for cystine may depend on a normal adult microvillous structure, but that for cysteine uptake does not.
Hyperaminoaciduria has been observed in the immature rat'8 and human.", 20 In the immature human, cystine appears in urine in larger quantities than in the adult.20 Clearance data and levels in urine, however, may be difficult to interpret and relate to in vitro observations. Urinary data are a summation of many functions within the kidney tubule. It may well be that in the immature animal, cystine reabsorption is dependent on the cysteine transport system, while in the adult this is not the case. Our findings suggest the need of differential physiological studies of cystine and cysteine handling by the kidney of immature animals.
